Glomerular endothelial cells (GEC) are strategically situated within the capillary loop and adjacent to the glomerular mesangium. GEC serve as targets of metabolic, biochemical, and hemodynamic signals that regulate the glomerular microcirculation. Unequivocally, hyperglycemia, hypertension, and the local renin-angiotensin system partake in the initiation and progression of diabetic nephropathy (DN). Whether free fatty acids (FFA) and reactive oxygen species (ROS) that have been associated with the endothelial dysfunction of diabetic macrovascular disease also contribute to DN is not known. Since endothelial cells from different organs and from different species may display different phenotypes, we employed human GEC to investigate the effect of high glucose (22.5 mmol/l), FFA (800 mol/l), and angiotensin II (ANG II; 10 Ϫ7 mol/l) on the genesis of ROS and their effects on endothelial nitric oxide synthase (eNOS), cyclooxygenase-2 (COX-2), and the synthesis of prostaglandins (PGs). We demonstrated that high glucose but not high FFA increased the expression of a dysfunctional eNOS as well as increased ROS from NADPH oxidase (100%) and likely from uncoupled eNOS. ANG II also induced ROS from NADPH oxidase. High glucose and ANG II upregulated (100%) COX-2 via ROS and significantly increased the synthesis of prostacyclin (PGI 2) by 300%. In contrast, FFA did not upregulate COX-2 but increased PGI 2 (500%). These novel studies are the first in human GEC that characterize the differential role of FFA, hyperglycemia, and ANG II on the genesis of ROS, COX-2, and PGs and their interplay in the early stages of hyperglcyemia. diabetes; prostaglandins; reactive oxygen species; nitric oxide DIABETIC NEPHROPATHY constitutes the leading cause of endstage renal disease in the United States and Europe (8, 41). Studies of the biology of the human glomerular endothelium in diabetes are lacking. Most studies have relied on data from large vessels such as the aorta and from retinal endothelial cells utilized as surrogates of human glomerular endothelial cells (GEC) (6). This approach ignored that GEC may have responses to pathobiological factors that differ significantly compared with cells derived from other vessels. The fenestrated glomerular capillary endothelium is strategically situated at the interface between the blood compartment and the glomerular mesangium, without interposition of the glomerular basement membrane (28). In this location, GEC serve as direct sensors and targets of metabolic, biochemical, and hemodynamic signals that regulate the glomerular microcirculation (31). Due to abnormal autoregulation of the glomerular microcirculation, increased glomerular filtration rate (hyperfiltration) and increased glomerular intracapillary pressure (glomerular hypertension) characterize the early stages of diabetic nephropathy (32). The interplay among the hemodynamic and nonhemodynamic actions of angiotensin II (ANG II), reactive oxygen species (ROS), nitric oxide (NO), and prostaglandins (PGs) modulates the intrarenal microcirculation under physiologic and pathologic conditions including diabetes mellitus (16, 31) .
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Clinically and experimentally, the association between hyperglycemia and microvascular disease affecting the retina and the kidney is stronger than with macrovascular disease affecting large vessels (10, 34) . Studies performed during the last decade suggested a link between hyperglycemia, increased levels of free fatty acids (FFA), insulin resistance, activation of the renin-angiotensin system, and oxidative stress (ROS) in the pathogenesis of diabetic vascular disease (6, 11, 33) . To address these questions, we investigated the mechanisms whereby high glucose, FFA, ANG II, and ROS induce human GEC injury. The present study demonstrates that high glucose but not high FFA increased the expression of a dysfunctional endothelial nitric oxide synthase (eNOS) as well as increased superoxide production from NADPH oxidase and likely from uncoupled eNOS. ANG II also induced ROS from NADPH oxidase. High glucose and ANG II upregulated human GEC cyclooxygenase-2 (COX-2) via ROS and significantly increased the synthesis of prostacyclin (PGI 2 ). On the other hand, FFA did not upregulate COX-2 but increased synthesis of PGI 2 likely by stimulating constitutive COX-1. We propose that understanding the pathophysiological mechanisms of human GEC dysfunction depicted in our studies would provide insights into therapeutic strategies for preventing and/or arresting diabetic nephropathy.
RESEARCH DESIGN AND METHODS
Cell culture conditions. Human GEC were purchased from Cell Systems (Kirkland, WA) and grown in CSC-Complete Media (Cell Systems) supplemented with 10% fetal calf serum (FCS; Cell Systems). All experiments were performed in cells passage 2 to 5, grown in six-well dishes or 25-cm 2 flasks, and the experiments were performed in cells that were 80% confluent. For experiments performed in six-well dishes, the cells were seeded at a density of 1 ϫ 10 5 cells/well and for experiments performed in flasks they were seeded at a density of 2.5 ϫ 10 5 cells/flask. The cell culture media were changed daily until cells reached 80% confluency usually 48 h after seeding. Before all experiments, cells were fasted for 24 h in maintenance media (Cell Systems). The cells were incubated in media containing either 5 mmol/l glucose, 22.5 mmol/l glucose, 17.5 mmol/ l ϩ 5 mmol/l mannitol ϩ glucose, or 5 mmol/l ϩ 1 mmol/l glucose ϩ fatty acid-free albumin (Sigma), and 800 mol/l oleic acid (Sigma) for the specified time points as described in RESULTS. In other exper-iments, the GEC were stimulated with ANG II (10 Ϫ7 M) for the specified time points described in RESULTS. Western blot analysis. Western blot analysis was performed as previously described (19, 20) . Briefly, cell homogenates were washed once with phosphate-buffered saline and resuspended in 300 l of homogenization buffer (50 mmol/l Tris ⅐ HCl, pH 7.6, 100 mmol/l NaCl, 2 mmol/l EDTA, 2 mmol/l EGTA, 1 mmol/l DTT, 1 mmol/l PMSF, 1% Triton X-100) and incubated on ice for 30 min. Thereafter, lysates were centrifuged for 30 min at 10,000 g at 4°C. Supernatants were collected and the protein content was determined by Bio-Rad. Thirty micrograms of protein were separated by SDS-PAGE (6% acrylamide gel) and transferred to a nitrocellulose membrane. Blots were incubated overnight with rabbit anti-murine polyclonal antibody to COX-2 (Cayman), eNOS (Cayman), or polyclonal antibody to actin (Santa Cruz Biotechnology). After being washed, the blots were incubated with goat anti-rabbit antibody (Santa Cruz Biotechnology) for 1 h and the signal was detected by luminol chemiluminescence.
ROS measurements. Superoxide anion in intact cells was measured by chemiluminescence of lucigenin as previously described (18) . Briefly, after incubation, cells were washed, trypsinized, resuspended in 1 ml Krebs buffer, and kept on ice until use. Cells were added to a cuvette containing 1 ml of phosphate buffer (pH 7.4) and lucigenin (5 mol/l). Photon emission was measured every minute for 10 min in a Berthold FB12 Luminometer. A buffer blank was subtracted from each reading, and the production of O2
Ϫ was adjusted for protein content as measured by Bio-Rad and expressed as cpm/mg protein.
In separate experiments, we measured the NADPH-stimulated production of superoxide anion in cell homogenates as we previously described (17) . Human GEC exposed to either normal (5 mmol/l) or high glucose (22.5 mmol/l) for 48 h were washed three times with Hanks' balanced salt solution, trypsinized, resuspended in 300-l homogenization buffer (50 mmol/l phosphate buffer, 0.01 mmol/l EDTA, 2 mol/l leupeptin, 2 mol/l pepstatin A, 1 mmol/l phenylmethylsulfonyl fluoride or phenylmethanesulfonyl fluoride, pH 7.4), and homogenized by sonication (15-s pulses ϫ 3). NADPH-stimulated superoxide production was measured by using a chemiluminescence assay in a 50 mmol/l phosphate buffer, pH 7.4, containing 1.0 mmol/l EGTA, 5 mol/l lucigenin, and 100 mol/l of NADPH. The assay was initiated by addition of 20 l homogenate and the production of superoxide anion was measured by chemiluminescence of lucigenin (17) . Protein content in homogenates was measured by the Bio-Rad method and the production of superoxide was adjusted for protein content and expressed as cpm/mg protein.
PGs measurements. PGE 2, thromboxane B2, and the stable PGI2 metabolite 6-keto-PGF1␣ were measured by enzymatic immunoassay (EIA, Cayman) following the manufacturer's instructions and adjusted for cell protein content as assessed by Bio-Rad.
COX-2 mRNA expression. COX-2 mRNA expression in human GEC was determined by RT-PCR as previously described (20) . Total RNA was isolated by lysing the cells in TRIzol reagent (Life Technologies) and by precipitation in isopropyl alcohol. A 5-g aliquot of total RNA was used for cDNA synthesis with the Superscript preamplification system (Life Technologies). An aliquot of cDNA was amplified using Taq polymerase in the presence of sense and antisense primers for human COX-2 and GAPDH.
NO measurements. NO was measured with the NO-sensitive dye DAF-FM (22) . Human GEC were exposed to either normal glucose (5 mmol/l) or high glucose (22.5 mmol/l) for 48 h, washed with fresh maintenance media (CSC), and treated with DAF-FM (5 mol/l; Invitrogen) for 30 min. After treatment with DAF-FM for 30 min, the cells were washed and the cellular fluorescence was measured utilizing a fluorescent-inverted microscope and analyzed utilizing the NIH Image software.
RESULTS

High glucose increases the production of ROS in human GEC.
To determine the effects of high glucose on GEC production of superoxide anion, GEC were incubated in media containing normal glucose (5 mmol/l) or high glucose (22.5 mmol/l) for 48 h with and without the NADPH oxidase inhibitor DPI (1 mol/l). As shown in Fig. 1 , high glucose resulted in a significant increase in GEC production of ROS that was prevented by DPI demonstrating that high glucose increases ROS generation in human GEC via NADPH oxidase activation. In addition, we measured the NADPH-stimulated production of superoxide in homogenates from human GEC incubated for 48 h under normal-and high-glucose conditions. Similar to our measurements in intact cells, incubation under high-glucose conditions resulted in a significant increase in NADPH-stimulated production of superoxide anion (Fig. 1B) .
High glucose increases COX-2 expression in human GEC. To determine the effects of high glucose on COX-2 expression and activity, human GEC were incubated in media containing either normal glucose (5 mmol/l) or high glucose (22.5 mmol/l) for 48 h. As shown in Fig. 2 , A and B, high glucose increased COX-2 protein expression in GEC as assessed by Western blot. These changes in COX-2 protein expression were accompanied by concomitant increases in PGE 2 and principally PGI 2 ( Fig.  2C ). To control for changes in osmolality induced by high Ϫ as assessed by chemiluminescence of lucigenin that was prevented by NADPH oxidase inhibition. O2
Ϫ measurements were normalized for total cellular protein content (n ϭ 6, *P Ͻ 0.05 vs. control and high glucose ϩ DPI). B: human glomerular endothelial cells grown in 25-cm 2 flasks and 80% confluent were incubated in normal glucose (5 mmol/l) or high glucose (22.5 mmol/l) for 48 h. NADPH-stimulated production of O2 Ϫ was measured in cell homogenates. O2
Ϫ measurements were normalized for total cellular protein content (n ϭ 3, *P Ͻ 0.05 vs. 5 mmol/l glucose).
glucose, we performed additional experiments utilizing mediacontaining mannitol. As shown in Fig. 3, A and B, mediacontaining mannitol did not significantly increase COX-2 expression or PGI 2 production: 5 mmol/l glucose: 132.7 Ϯ 25 pg/mg; 22.5 mmol/l glucose: 2,239 Ϯ 1,105* pg/mg; 5 mmol/l glucose ϩ 17.5 mmol/l mannitol: 382.9 Ϯ 213 pg/mg (*P Ͻ 0.05 vs. 5 mmol/l glucose and 5 mmol/l glucose ϩ mannitol, n ϭ 3), demonstrating that the effects of high-glucose concentration on COX-2 expression are not secondary to changes in osmolality induced by glucose.
To determine whether transcriptional mechanisms were involved, GEC were incubated in media containing either 5 mmol/l glucose or 22.5 mmol/l glucose for 48 h and COX-2 mRNA expression was assessed by RT-PCR. As shown in Fig.  3C , high-glucose incubation resulted in significant increases in COX-2 mRNA expression demonstrating that high glucose increases COX-2 expression via transcriptional mechanisms.
ROS mediate COX-2 induction in response to glucose. To determine the role of ROS as mediators of COX-2 induction in response to glucose, human GEC were incubated in media containing a 22.5 mmol/l concentration of glucose with and without the NADPH oxidase inhibitor DPI (1 mol/l). At the end of the incubation period, COX-2 expression was measured by Western blot. As shown in Fig. 4 , high glucose increased A: representative Western blots for COX-2 and actin, which was used to control for loading. B: densitometry data analysis performed after reprobing the blot with an ␣-actin antibody (n ϭ 6, *P Ͻ 0.05 vs. 5 mmol/l glucose). C: glucosestimulated COX-2 expression was accompanied by concomitant increases in PGI2 and PGE2 but not thromboxane-A2 in human glomerular endothelial cells. Prostaglandin measurements were normalized for total cellular protein content (n ϭ 6 to 9, *P Ͻ 0.05 vs. control). COX-2 expression in GEC that was reduced by NADPH oxidase inhibition, suggesting that ROS play a role in COX-2 expression in human GEC in response to glucose.
Oleic acid does not increase superoxide anion production in GEC. To determine the effect of oleic acid on superoxide anion production, GEC were incubated on normal-glucose media (5 mmol/l) for 48 h and treated with oleic acid (800 M) and 1 M fatty acid-free albumin for 6 h. As shown in Fig. 5A , oleic acid did not increase the production of O 2 Ϫ under these conditions. We used a concentration of oleic acid and albumin, which would result in a FFA fraction (the fraction unbound to albumin) similar to that found in diabetics.
To determine the effects of oleic acid on COX-2 expression, human GEC were exposed to oleic acid for 6 h (Fig. 5, B and  C) . Although oleic acid did not induce the expression of COX-2, it produced a fivefold increase in the production of PGI 2 : 5 mmol/l glucose: 15.1 Ϯ 1.5 ng/mg; 22.5 mmol/l glucose: 33 Ϯ 2.7* ng/mg; 5 mmol/l glucose ϩ oleic acid: 80.7 Ϯ 8.3# ng/mg (n ϭ 3, *P Ͻ 0.05 vs. 5 mmol/l glucose; #P Ͻ 0.05 vs. 5 mmol/l glucose and 22.5 mmol/l glucose).
High glucose and eNOS. Studies by others (12, 33, 38) showed that high glucose is associated with reductions in eNOS bioactivity. We therefore performed a series of experiments to determine the effects of high-glucose concentrations on eNOS dimerization, a well-established indicator of eNOS uncoupling and reduced enzymatic bioactivity (47) . Human GEC were incubated under high-glucose conditions for 48 h and eNOS expression was assessed by Western blot under reducing conditions and without boiling of the samples before loading. As shown in Fig. 6, A and B , incubation of human GEC on high-glucose conditions resulted in significant increases in total eNOS expression accompanied by a concomitant increase in eNOS monomers expression, suggesting that high glucose induces eNOS uncoupling in human GEC. To determine whether these changes in eNOS protein expression were accompanied by changes in NO production, we measured the production of NO under low-and high-glucose conditions utilizing the NO-sensitive fluorescent dye (DAF-FM). As shown in Fig. 6 , the incubation of human GEC to high-glucose conditions resulted in significant reductions in the basal production of NO.
ANG II increases O 2 Ϫ production in GEC. To determine the effects of ANG II on O 2 Ϫ production in endothelial cells from the glomerular microcirculation, human GEC were incubated with ANG II (10 Ϫ7 mol/l) for 30 and 60 min. As shown in Fig. 7A , ANG II increased O 2 Ϫ concentration as assessed by chemiluminescence of lucigenin in human GEC after 30 min but not after 60 min (not shown). These increases in O 2 Ϫ were prevented by NADPH oxidase inhibition with DPI (Fig. 7) .
ROS mediate COX-2 expression in response to ANG II in human GEC.
To determine the role of ROS as mediators of COX-2 induction in response to ANG II in endothelial cells, human GEC were incubated with ANG II (10 Ϫ7 mol/l) for 6 h with and without the NADPH oxidase inhibitor DPI (1 mol/ l). This time point was chosen based on pilot experiments designed to assess the peak stimulation of COX-2 in response to ANG II. As shown in Fig. 7 , B and C, ANG II increased COX-2 expression in human GEC accompanied by a concomitant increase in the production of PGI 2 : control: 101 Ϯ 25 ng/ml vs. ANG II: 295.7 Ϯ 77* ng/ml (n ϭ 3, *P Ͻ 0.05 vs. control). NADPH oxidase inhibition with DPI prevented the ANG II-stimulated increase in COX-2 expression (Fig. 7) and PGI 2 production: ANG II ϩ DPI: 88.1 Ϯ 22 ng/ml (n ϭ 3, *P Ͻ 0.05 vs. ANG II).
ANG II and eNOS. To determine the effects of ANG II on eNOS dimerization, human GEC were stimulated with ANG II for 30 min and eNOS expression was assessed by Western blot under reducing conditions and without boiling of the samples before loading. As shown in Fig. 8, A and B, and in contrast with our findings in human GEC exposed to high glucose, stimulation with ANG II did not modify eNOS dimerization in human GEC. Similar findings were observed with up to 24-h incubation with ANG II (not shown).
DISCUSSION
Hyperglycemia, hypertension, dyslipidemia, and increased activation of the local renin-angiotensin system are major factors in the development and progression of diabetic microvascular (1, 2) and macrovascular disease (14, 30, 33, 46) . Clinical and experimental studies unequivocally demonstrated that diabetic nephropathy is fostered by both hemodynamic (hypertension) (13, 32) and metabolic factors (hyperglycemia and dyslipidemia) (2, 4, 34) .
Under normal physiologic conditions, renal autoregulatory mechanisms protect the glomeruli and prevent increases in systemic blood pressure from being fully transmitted to the glomerular capillaries (3, 26) . Hyperglycemia impairs normal autoregulation because it reduces preglomerular resistances (42) . It is likely that in genetically predisposed individuals these effects of hyperglycemia are accentuated and may ex- plain the increased glomerular intracapillary pressure and glomerular filtration rate (hyperfiltration) that is already present during the early stages of diabetic nephropathy (9, 29) .
Endothelial dysfunction is one of the hallmarks of diabetic vascular disease (33) . The glomerular endothelium is strategically situated at the interface between the blood compartment and the glomerular mesangium, without interposition of the glomerular basement membrane (27) . In this location, the GEC serve as targets of metabolic, biochemical, and hemodynamic signals that regulate the glomerular microcirculation (28) .
Recent studies by Du et al. (6) provided evidence that increased production of ROS originating in part from mitochondrial dysfunction may be a critical pathogenetic mechanism of both micro (retinal) and macro (aortic) vascular complications of diabetes. This group showed that high FFA as well as high glucose can increase endothelial ROS production. C: densitometry data analysis performed after reprobing the blot with an ␣-actin antibody (n ϭ 3, *P Ͻ 0.05 vs. 5 mmol/l glucose). Fig. 6 . High glucose increases endothelial nitric oxide synthase (eNOS) expression but reduces NO production in human glomerular endothelial cells. Human glomerular endothelial cells grown in 6-well dishes and 80% confluent were incubated in normal-glucose media (5 mmol/l) and high-glucose media (22.5 mmol/l) for 48 h. Western blot analysis was performed utilizing 30 g of cell homogenate. A: representative Western blots for eNOS dimers and monomers from human glomerular endothelial cells exposed to normal-and high-glucose media. B: densitometry data analysis for eNOS dimers and monomers (n ϭ 3, *P Ͻ 0.05 vs. 5 mmol/l glucose; n ϭ 3, *P Ͻ 0.05 vs. control). C: incubation in a high-glucose media results in a significant reduction in the endothelial production of NO (n ϭ 6, *P Ͻ 0.05 vs. 5 mmol/l glucose).
The downstream consequences of increased ROS included oxidative damage of eNOS synthase and PGI 2 synthase, resulting in reductions in the production of two critical autacoids endowed with vasodilatory, antithrombotic, and anti-inflammatory properties. Of note was the finding that endothelial susceptibility to hyperglycemia and FFA induced oxidative stress differed between retinal and aortic endothelium: hyperglycemia was more injurious to retinal vessels, whereas FFA induced more injury to aortic endothelium (6) . Furthermore, recent clinical trials demonstrated that intensive glycemic control in type II diabetics does not prevent major cardiovascular events (ACCORD and ADVANCE) (10, 34) but reduces new or worsening nephropathy and new onset microalbuminuria (ADVANCE) (34) .
To the best of our knowledge, the effects of hyperglycemia and of FFA on human GEC have not been investigated. Moreover, given their special location and function, there is no reason to a priori assume that human GEC will have identical responses to high glucose, FFA, or ANG II compared with retinal or aortic endothelial cells. To directly address these questions, we investigated the role of high glucose, high FFA, and of ANG II in the genesis of ROS in human GEC as well as the effect of ROS on eNOS and COX-2, two enzymes that play major roles in glomerular physiology and pathology (5, 20, 36) .
We found that exposure of human GEC to high glucose resulted in a onefold increase in O 2 Ϫ production accompanied by a significant increase in expression of a dysfunctional Fig. 7 . ANG II increases the production of superoxide anion and increases COX-2 expression in human glomerular endothelial cells. Human glomerular endothelial cells grown in 25-cm 2 or 6-well dishes and 80% confluent were stimulated with ANG II (10 Ϫ7 mol/l) with and without the NADPH oxidase inhibitor DPI (1 mol/l) for 30 min (superoxide) or 4 h (COX-2). A: exposure to ANG II increased the production of O2
Ϫ as assessed by chemiluminescence of lucigenin that was prevented by NADPH oxidase inhibition. O2
Ϫ measurements were normalized for total cellular protein content (n ϭ 6, *P Ͻ 0.05 vs. control and high glucose ϩ DPI). B: representative Western blots for COX-2 and actin, which was used to control for loading. Western blot analysis was performed in 30 g of cell homogenate. C: densitometry data analysis performed after reprobing the blot with an ␣-actin antibody (n ϭ 3, *P Ͻ 0.05 vs. 5 mmol/l glucose). eNOS, since it was predominantly uncoupled as evidenced by a threefold increase in the monomeric eNOS isoform. Moreover, we found that the exposure of human GEC to high glucose results in significant reductions in the production of NO. These results suggest that hyperglycemia unfolds a vicious circle in which ROS induce oxidative uncoupling of the eNOS dimmers, a process that is known to lead to further production of O 2 Ϫ by the eNOS monomers (47) . On the other hand, FFA did not increase ROS and had no effect on eNOS in human GEC. ANG II increased ROS but under the conditions of our experiments, it did not result in eNOS uncoupling likely due to the short duration of the burst in ROS production (25) . An important difference between human GEC and aortic and retinal endothelial cells (6) is that increased ROS had no deleterious effect on the synthesis of PGI 2 which in fact increased in response to both high glucose and ANG II. FFA also increased the production of PGI 2 that most likely originated from constitutive COX 1 since in contrast with glucose and ANG II, FFA did not upregulate the expression of COX-2 in human GEC.
We also demonstrated that increased expression of human GEC COX-2 in response to either ANG II or glucose was mediated by ROS since it could be prevented with DPI. Of note, NADPH oxidase inhibition was much more effective in preventing COX-2 expression in response to ANG II than in response to high glucose, suggesting that under high-glucose conditions other mechanisms also participate in COX-2 expression. We speculate that other pathways activated by glucose may also mediate COX-2 expression such as JNK and P38 MAP kinase (44) . A limitation of our studies is that they were performed in vitro. As others also showed (6), COX-2 expression is evident under normal-glucose conditions in cells grown in vitro. This increased basal expression of COX-2 is likely the result of the activation of pathways leading to COX-2 induction when cells are grown in vitro. However, our studies also demonstrate further increase in COX-2 expression after highglucose exposure and ANG II. Moreover, the glomerular and cortical expression of COX-2 is increased in animal models of diabetes, suggesting that COX-2 plays an important role in the pathogenesis of diabetic nephropathy (23, 24, 45) .
We interpret the upregulation of eNOS and COX-2 as critical counterregulatory mechanisms endowed with both friend and foe actions. In the case of NO, the superoxide formed within diabetic tissue and from uncoupled eNOS may overwhelm the bioactivity of NO. Under these conditions, the increased production of PGI 2 would be compensatory particularly in antagonizing the actions of ANG II. Clinically, the exquisite sensitivity of the diabetic kidney glomerular filtration rate, which falls in response to COX inhibition, would support this contention (21) . At the same time, however, PGI 2 may reduce vascular tone of preglomerular resistances thereby impairing autoregulation of intrarenal flows and pressures and increasing the vulnerability of the diabetic kidney to hypertension.
Diabetic nephropathy secondary to type 2 diabetes is the most common cause of end-stage renal disease and it occurs in ϳ20 to 40% of diabetics (8) . A relatively long period of insulin resistance characterized by normoglycemia but increased levels of FFA precedes the development of frank hyperglycemia (37, 39) . During this period of the natural history of diabetic nephropathy, however, vascular disease affecting large vessels progressively ensues driven by the abnormal metabolic environment, which includes high circulating FFA (7). This is supported by the clinical observation that NIDDM patients often present to the consult with early nephropathy but advanced macrovascular disease affecting the aorta and coronary vessels.
The cellular and molecular mechanisms by which hemodynamic and metabolic insults translate to structural and functional abnormalities leading to the initiation and progression of diabetic nephropathy have been and continue to be increasingly delineated. This includes the role of advanced glycosylation end products (40, 43) , activated protein C (15), as well as the contribution of the activation of critical intracellular signaling pathways and transcription factors, that promote the production/release of cytokines, chemokines, and growth factors, which amplify diabetic renal damage of the glomerular endothelium, podocytes, and glomerular mesangium (35) .
The studies reported here are the first in human GEC that characterize the differential role of FFA, hyperglycemia, and ANG II on the genesis of ROS, COX-2, and PGs and their potential interplay under high-glucose conditions.
